OBJECTIVE: Leptin, the product of the human ob gene is increased in obese individuals, suggesting resistance to its effect. We examined the relationship of serum leptin levels with respect to obesity, gender and insulin levels in two populations with different ethnic compositions in Chile. METHODS: Leptin and insulin levels were determined by radioimmunoassay (RIA) and correlated with body mass index (BMI), gender and ethnic background. 79 Caucasian subjects from Santiago and 65 Mapuche natives from the Araucania region, Chile, were included in this study. RESULTS: Leptin concentrations in obese subjects were signi®cantly increased in both ethnic groups in relation to lean status: Caucasian and Mapuche obese 19.3 AE 11.6 and 10.1 AE 5.8 (P`0.001), respectively vs Caucasian and Mapuche lean 10.4 AE 5.8 and 4.7 AE 2.9 (P`0.001, respectively). When we compared Mapuche and Caucasian groups, similar leptin levels were observed among the males of the two populations in both metabolic states (lean and obese). In contrast, the leptin level distributions between women showed a marked difference, having a minor value in the Mapuche women with a comparable value with the male group in this ethnic population. CONCLUSIONS: The leptin concentrations are associated with obesity in both ethnic groups in Chile. However, the leptin levels between the Mapuche natives were signi®cantly decreased compared to the Caucasian group. The gender distribution does not seem to be important in the Mapuche natives. The ethnic composition seems to be important in the leptin distribution in the analysed populations.
Introduction
Obesity is associated with a number of health problems including cardiovascular disease, diabetes, hypertension and hyperlipidemia. 1 ± 3 A prerequisite for the development of obesity is a positive energy balance. Although obesity has often been considered to be mainly due to overeating and a high-fat diet, it is clear that obesity has a strong genetic component. 4 The identi®cation of the ob gene 5 and its adipocyte speci®c protein, leptin, (composed of 167 amino acids, which shows the characteristic of a secreted protein) has provided the ®rst physiological links to the regulatory system controlling body weight. 6, 7 It is thought that leptin is integral in the feedback loop from adipose stores to the satiety centres in the hypothalamus, causing a decrease in appetite and increase in energy expenditure. 8, 9 In animal models, the administration of leptin results in rapid weight loss. 10 However, in humans the serum leptin levels are high in obese subjects. 11, 12 These data suggest that obese people are resistant to leptin action. It is possible that leptin production by adipose tissue is under neuroendocrine control and shows similar secretory characteristics to those of other hormones. 13, 14 The factors that regulate leptin production in adipose tissue are still largely unknown. Leptin is overexpressed in a large proportion of human obese subjects. Suggestive genetic linkages have been reported between markers for 1p32-p22 and insulin levels, body mass index (BMI) and fat mass. Insulin affects production of leptin and high serum insulin levels are accompanied by increased leptin levels. Although the genetic background is an important factor in the distribution of multiple metabolic parameters, limited data are available with regard to comparisons of leptin levels between different ethnic groups. 15, 16 The genetic background is an important factor in the distribution of multiple metabolic parameters.
In order to study the potential of genetic differences, we examined the distribution and effect of obesity and fasting insulin on leptin levels in two different ethnic groups in Chile, the general population from Santiago (mainly Caucasian with Spanish heritage) and the most important of the aboriginal populations in Chile, the Mapuche population. We have focused our study on the Mapuche population who live in rural areas in the Araucania region (south of Chile). This population preserves ethnical and cultural distinctive characteristics.
Methods and subjects

Research design
A total of 144 individuals were recruited for the characterization of leptin levels in several groups with different genetic backgrounds in Chile. Firstly, 44 overweight (BMI b 27.5kg/m 2 ) and 35 lean subjects were recruited from the Caucasian population of Santiago and secondly, data from 65 Mapuche natives, who live in rural areas in the Araucania region, were obtained from a cross-sectional study that was established to determine the type 2 diabetes mellitus registry in aboriginal population, and it was approved by the ethic committee at University of Chile. The Mapuche natives were de®ned according to surnames, blood markers and anthropometric characteristics. 17 ± 19 This study in ethnic groups is part of another project (Fondecyt 1960395). All subjects gave informed consent for this research. Anthropometric measurements (height and weight) were made with the subjects barefoot and lightly clothed. Body mass index (BMI) was used as a measure of overall adiposity; BMI was calculated as weight (kg) divided by height (m) 2 . The obesity status (`lean' or overweight') was de®ned by setting the criterion of 27.5 of BMI.
Blood samples collection
Blood specimens were obtained after a 12±14 h fast and during the oral glucose tolerance test (OGTT) for detection of non insulin dependent diabetes mellitus (NIDDM). Diabetes was diagnosed according to the WHO criteria. Diabetic subjects are excluded from this present report. Fasting plasma leptin levels were determined in triplicate by a radioimmunoassay (RIA) kit (Linco Research, Inc., St Charles, MO) as previously described. 12 Brie¯y, plasma samples (100 ml) were incubated overnight with 125 I-labelled leptin and with leptin antibody at 4 C. The next day, the bound fraction was separated by using a precipitating reagent with a 20 min incubation; the fraction was centrifuged, the supernatant was decanted and the pellets were counted. The calibration range was 0.5 ng/ml to 100 ng/ml. The within assay coef®cient of variation was 3.8±6.8% and the between assay coef®cient of variation was 3.5±6.0%.
Statistical analysis
Differences in leptin and insulin levels between obese and lean groups were assessed separately in each ethnic group using two-way analysis of variance and linear regression analysis, 20 with BMI and gender, as main factors. Previously the inferential analysis, a logarithmic transformation in leptin and insulin concentrations was performed in order to normalize the distribution of the data and reduce their asymmetry.
Ratios of geometric means between categories and their 95% con®dence intervals, were estimated from the antilogarithm of the beta coef®cient of the slope of the linear regression model. 21 We have also evaluated the effect of the interaction terms between explanatory variables. Finally, comparison of leptin levels between ethnic groups was also assessed using regression analysis. All statistical analysis were carried out using the Stata 5.0 package. 22 Results Table 1 shows age and BMI by gender in Caucasian and Mapuche groups, showing that the BMI ®gures are comparable across the different groups. Figure 1 and Figure 2 show the leptin and insulin levels in each ethnic group, and the distribution of these variables according to obesity and gender.
Leptin and insulin levels in the Caucasian group
We have found signi®cant differences in leptin levels (dependent variable: natural log of leptin) by gender (P`0.001), and a signi®cant association with BMI (P`0.001), without signi®cant statistical interaction between gender and BMI (P 0.21). These data are concordant with other studies that show proportionality between adiposity and leptin levels on one hand and, on the other hand, a higher leptin concentration in women than in men. The effect of age did not have relevant in¯uence on serum leptin concentrations after adjustment for gender and BMI in the regression analysis. BMI, gender and insulin are independently (Table 2 ). On the other hand, the association between insulin levels (dependent variable: natural log of insulin) and BMI is signi®cant (antilogarithm beta coef®cient: 1.03; 95% con®dence interval (95% CI): 1.02±1.04; P`0.001), while neither gender (P 0.99) nor age (P 0.24) are statistically signi®cant as explanatory variables (Table 3) .
Leptin and insulin levels in the Mapuche group
The effect of BMI on serum leptin level (dependent variable: natural log of leptin) is statistically signi®-cant (P`0.001). Contrary to the Caucasian group, there are no signi®cant differences in leptin levels by gender and again, age was not statistically signi®cant. Simple regression analysis shows that leptin levels are signi®cantly associated with insulin (P`0.001), although this association is not signi®cant after the adjustment for BMI. The different models evaluated in the Mapuche group are presented in Table 3 , which shows that only BMI is signi®cantly associated to leptin levels, after adjusting for insulin, gender and age. On the other hand, insulin levels (dependent variable: natural log of insulin) are signi®cantly associated with BMI (P`0.001) and not with gender (P 0.59).
Comparison between Caucasian and Mapuche groups Figure 1 and Figure 2 show the serum leptin levels and fasting insulin levels in each group, and the Figure 2 Insulin leptin levels (mIU/ml) in Caucasian and Mapuche subjects, by gender and obesity status (See Table 3 Table 2 for statistical signi®cance.) The box-and-whisker plots show boxes with quartiles Q 1 , Q 2 and Q 3 and the lines emerging from boxes extend to the adjacent values. Upper adjacent value is de®ned as the largest data point Q 3 1.5 Â (interquartile range). Lower adjacent value is de®ned as the smallest data point ! Q 1 7 1.5 Â (interquartile range). Outside values are individually plotted. The same method applies for Figure 2 . Leptin levels distribution F Pe Ârez-Bravo et al distribution with regard to obesity status and gender. There are differences in leptin levels between Caucasian women and men, although there is no evidence of differences between Mapuche women and men. BMI, gender and insulin are independently associated to leptin levels in Caucasians, while only BMI is associated with leptin levels in the Mapuche group, after controlling for the rest of the variables. The proportion of the variance of the leptin levels explained by BMI, is much greater in Mapuche than in Caucasian subjects, as is indicated by the coef®-cient of determination (r 2 ) in the models from both groups (see Table 2 and Table 3 ).
The comparison of plasma leptin levels (dependent variable: natural log of leptin) shows that there are signi®cant differences of such levels across ethnic groups (P`0.001), with approximately two-fold higher mean concentration of plasma leptin in Caucasian individuals compared to Mapuche subjects. There are also signi®cant differences by BMI status (P`0.0001) without statistical interaction between ethnic group and BMI status (P 0.69). The differences of leptin levels between Mapuche and Caucasian individuals remained signi®cant after adjustment for BMI, gender and age (P`0.001; antilogarithm of beta coef®cient for ethnicity: 2.07; 95% CI: 1.63± 2.61).
With respect to the fasting insulin levels (dependent variable: natural log of insulin), there are signi®cant differences between Mapuche and Caucasian groups (P`0.001), and across BMI status (P`0.001), with a signi®cant term of statistical interaction between ethnic group and BMI status (P 0.02). Again, the differences of insulin levels between Mapuche and Caucasian individuals remained signi®cant after adjustment for BMI, gender and age (P`0.001; antilogarithm beta coef®cient for ethnicity: 2.72, 95% CI: 2.26±3.25).
Discussion
The results of this investigation con®rm previously published data, demonstrating a positive correlation between serum leptin levels and BMI. 17, 19 In our study, we have con®rmed that leptin concentrations were signi®cantly higher in obesity vs lean status between the Caucasian subjects. With regard to the gender distribution, several authors 24 ± 26 found a 3-fold elevation of plasma leptin in women compared with men for both normal weight and obese subjects; our data for the Caucasian population, con®rms this difference. The increase in leptin levels was 2-fold in obese women vs obese men. In contrast, our data in the Mapuche group suggests that gender does not have a signi®cant contribution to the prediction of plasma leptin. In contrast to Hassink et al, 16 Ro Ènnemaa et al 27 and Nagy et al, 28 that found no effect or association with race in leptin levels between African-American and Hispanic children or between identical twins respectively, our results are concordant with Nicklas et al, 29 that found an important effect of the genetic background in each population for leptin concentrations.
With regard to age distribution, this variable has been found to be inversely related to plasma leptin, 12 our results showed that age did not have an independent relation to plasma leptin after adjustment for BMI, but we should consider our subjects as young, with a range of age minor than the results of Ostlund et al 24 who included a substantial number of older adults up to the age of 80 y. Sinha et al 30 observed that leptin levels follow circadian rhythms with a nocturnal rise, but few data are available in relation to variations of leptin with physical exercise.
Kohrt et al, 31 show that physical activity training, resulted in a signi®cant reduction in serum leptin levels in older postmenopausal women. Data obtained before and after exercise, in the before mentioned article, provides support for the notion that the fat cell size could be important in the determination of leptin secretion. Other studies described low levels of leptin in women athletes with high physical activity. 32 Several studies show that leptin levels decrease in subjects who consume a hypocaloric diet, and that the leptin concentrations have an acute and chronic upregulation of leptin in response to overfeeding. 33, 34 The Mapuche population has a special picture, the women have very limited physical activity, despite the fact that native women do more manual labour, in agriculture and cattle raising, they have a high degree of sedentarism.
The Mapuche diet is very simple, with a high consumption of carbohydrates and animal meat. The genetic makeup of the natives is very different compared to the Caucasian population; the Mapuche population have characteristics related to certain Asian groups that migrated across the Berigian land bridge some 10 000±40 000 years ago. This difference in the Mapuche genetic makeup compared with the Caucasian population of Santiago (consisting mainly of Spanish and native admixture), is re¯ected in the leptin levels. Studies in other ethnic groups, for example, Zimmet et al, 35 for the Western Samoa population or Hanley et al 36 in a Canadian aboriginal group, demonstrated a strong relationship between leptin and obesity, and a possible association with insulin-resistance, hyperinsulinemia or fasting insulin, respectively.
The Mapuche population lives in the south of Chile and southern Argentina; actually Mapuche natives live in rural areas, in conglomerations of several families, mostly joined by family ties. They have their own language, believe in their own gods and spirits of Nature and their ancestors, and live in straw houses. According to the 1992 Chilean census, the total population of this region was of 781 242 inhabitants, 26% of these being of Mapuche origin. The Leptin levels distribution F Pe Ârez-Bravo et al
Mapuche population is paradoxically different, with a high frequency of obesity, high consumption of carbohydrate in the daily diet and with a very low prevalence of type 2 diabetes. 37 The factors that regulate leptin production in adipose tissue are still unknown. Leptin is overexpressed in a large proportion of human obese subjects. Suggestive genetic linkages has been reported between markers for 1p32±p22 and insulin levels, BMI and fat mass. Insulin affects production of leptin and high serum insulin levels are accompanied by increased leptin levels in several populations. However, the Mapuche natives have low levels of insulin and in most cases, they have very low values of leptin in contrast with other reports. We concluded that genetic background should be an important determining factor and trigger for the differences in the leptin variability between several populations and possibly the insulin levels have a crucial role in this regulation.
